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ABSTRACT 

The Eocene ironstone section of Gab a I Ghorabi mine area represents an unconformity- bounded 
condensed succession, exhibiting a lateral facies change towards the equivalent relatively thicker 
carbonates of the surrounding scarps. It rests u neon form ably on different horizons of the underlying 
folded Cenomanian Bahariya Formation and is subdivided into two main shallowing-upward ironstone 
sequences, separated by an intra-Eocene (paleokarst) unconformity. 

The lower ironstone sequence comprises four ironstone facies namely: a) lagoona l/tidal flat mud- ironstone 
facies that represents deposition from suspension in low energy water condition, b) lagoon al fossiliferous 
ironstone facies (proximal tempest ite), well developed in the southern sector of G aba I Ghorabi mine area, 
c) shallow subtidal-intertidal nummulitic-ooidal-oncoidal ironstone facies, dominated in the southern and 
central sectors of Cabal Ghorabi, and d) Shallow subtidal nummulitic ironstone facies, that dominated in 
the northern sector. The shallow subtidal-intertidal nummulitic-ooidal-oncoidal ironstone facies and the 
shallow subtidal nummulitic ironstone facies comprise peritidal facies association and developed on 
submarine swell during a general shoaling-upward tendency and sea level fall. 

The upper ironstone sequence begins by the deposition of shallow subtidal green mudstone facies as a 
result of a new marine transgression followed by a peritidal ironstone sequence, which consists of three 
repeated shallowing-upward cycles. Each cycle begins by shallow subtidal mud-ironstones grading 
upward into shallow subtidal-intertidal nummulitic- bio clastic ironstones and terminated by supratidal 
stratiform barite (DCRs). The upper ironstone sequence is intensively later itized and karstified and iron 
ore laterite and stratabound karst-related barite are formed. 

Keywords: Stratigraphy, facies analyses, depositional environments, G. Ghorabi, El-Bahariya, Egypt 

INTRODUCTION 

Ghorabi- Nasser area is located at the extreme northeastern corner of the Bahariya Depression at about 
25km west of El Bahariya-Cairo road (Fig. 1). It is bounded by the following coordinates: 29° 00' to 29° 4' 
E, and 28° 29' 30" to 28° 30' 30" N. The area is a topographically high feature, attaining about 2.3 sq. km 
and it is completely separated from the surrounding Eocene carbonate scarp by deep structural and 
erosional wadis. To the north, the structurally controlled fault wadi separates Gabal Ghorabi from the 
scattered bills of Nasser area and the karstified Eocene carbonates. At the south, Gabal Ghorabi directly 
overlooks the Bahariya Depression and the surrounding wadis are opened into the main Depression. The 
core of Gabal Ghorabi is made up of the Cenomanian elastics of the Bahariya Formation, which is 
unconformably overlain by Eocene ironstone succession and the related duricrusts. In some places, 
discontinuous Oligocene pebbly sandstone beds unconformably overlie the Eocene ironstone succession. 

The regional geology of El Bahariya Depression and the surrounding plateau in general and the iron ore 
genesis in particular were reviewed by El Aref and Lotfy (1989); Khalil (1995), and Salama (2005). The 
recent work of Khalil (1995) and El Aref et al. (1999) classified the Cretaceous and Eocene ironstones into 
six genetic types, being arranged from base to top as follows: 1) Cenomanian ironstone bands and lenses; 
2) Stratabound lateritic ironstones confined to the Cretaceous- Eocene unconformity; 3) Stratiform 
shallow marine ooidal-pisolitic ironstones; 4) Lagoonal bedded ferruginous mudstones and dolostones; 5) 
Stratabound karst iron ore and conglomerates; 6) Bartonian glauconitic iron laterites of El Hamra 
Formation. 

Helba et al. (2001) and El Aref et al. (2001) studied the "Lutetian" ironstone succession (Naqb and Qazzun 
formations) of E) Harra and El Gedida mine areas and subdivided it into four ironstone units; being 
arranged from base to top as follows: Lower variegated mud-ironstone, Lower ooidal, oncolitic and 
nummulitic ironstone, Upper variegated mud-ironstone and an Upper nummulitic ironstone. They also 
studied the "Lutetian" carbonate succession and differentiated it into five strati graphic units, which can 
be easily traced allover the northeastern Plateau of El Bahariya Depression. These are lower dolomitic 
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Fig.l, Geological map of El Bahariya Depression (modified after Hermina et al., 1989, 
detailed structural elements are shown in Sehim, 1093). 
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limestone and dolostone, Lower nummulitic limestone, Upper dolomitic limestone and marl, Middle 
nummulitic limestone and Upper nummulitic chalky limestone. Tbey concluded that the ironstone 
succession represents a reduced section relative to the surrounding equivalent thick carbonate succession 
and they are deposited on a ramp depositional environment. 

OBJECTIVES 

The present study deals with the stratigraphic setting, facies analysis and depositional environments of tbe 
Eocene ironstone succession of Gabal Ghorabi mine area. To achieve these goals, four representative 
lithostratigraphic sections covering the ironstones of Gabal Ghorabi mine area and two carbonate sections 
are measured, described and correlated with each others. The stratigraphic measurements and mega- and 
microscopic features tend to define the main ironstone units, internal lithologic subdivisions, discontinuity 
surfaces as well as their lateral and vertical lithologic changes. The bulk chemical composition of the 
different ironstone types is determined by XRF. The terminology of the ironstone microfacies is adopted 
from the classification of Young (1989) that depends on the different ratio of intrabasinal and extrabasinal 
components. 

REGIONAL STRATIGRAPHY AND STRUCTURES 
The stratigraphic succession of the northeastern plateau of El Bahariya depression includes the following 
rock units, being arranged from younger to older (El \ttiet al. t 1999): 
8- Wadi and playa deposits and eolian sand dunes Quaternary 
7- Duricrusts (calcrete, silcrete and ferricrete) Miocene?-Quaternary 

Unconformity 

6- Volcanic rocks (basalt) Oligo-Miocene 
5- Qatrani Formation Oligocene 

— - — Regional unconformity (paleokarst) 

4- El Hamra Formation 



paleokarst g 

3- Qazzun Formation e 

2- Naqb Formation w 

— Regional unconformity- 



1- Bahariya Formation Cenomanian 
Base unexposed 



The Bahariya, Naqb and Qazzun formations are represented in Gabal Ghorbi mine area. The Early 
Cenomanian Bahariya Formation (Said, 1962) forms the floor of the Bahariya Depression and the foot of 
the surrounding scarps. The most obvious feature of the Bahariya Formation is the occurrence of the 
ironstone bands, particularly in the lower and upper intervals of the exposed sections. In Gabal Ghorabi 
area, the studied ironstone succession truncates the upper mudstone-sandstone member in the southern 
and northern sectors (Plate 1A) and truncates the sandstones of the middle Member in tbe central sector. 

The Eocene Naqb and Qazzun formations (Lutetian, Said and Issawi, 1964; Ypresian, Strougo et ai, 1990 
& Strougo, 1996) are dominated by karstified nummulite-rich limestones, which differ from the 
underlying clastic-dominated Bahariya Formation and the overlying mixed carbonate-clastic lithologies of 
El Hamra Formation. The Naqb Formation is composed mainly of yellowish white dolomitic and 
nummulitic limestones with distinct pinkish and reddish tones. The Qazzun Formation is characterized by 
its snow-white chalky and nummulitic limestones with remarkable zones of large melon-shaped silicified 
limestone concretions (average diameter 50-60 cm). The carbonates of the Naqb and Qazzun formations 
are dominantly caverneous and display diagnostic megascopic and microscopic karst features and 
intimately associated with soil processes, comprising dissolution, cementation, dolomitization, 
dedolomttization and deposition of autochthonous soil residual materials and allocbthonous cave deposits. 
Such alteration processes obscured, to a large extent, the original tithofacies, bedding geometry, internal 
sedimentary structures and obliterated their fossil content (El Aref et at. 1987 and Lotfy, 1988). 

The Bahariya area is dissected by several fault belts, among which there are two master fault systems: 1) 
El Gedida-El Harra dextral fault (El Bahariya mid fault). This fault system extends from Ei Gedida to El 
Harra mine areas and crossing through the floor of the Bahariya Depression, 2) Ghorabi-El Ghaziya fault 
system, which extends from Gabal Ghorabi to EI Ghaziya area in a NE»direction for about 36 km with an 
average width of about 9 km (Fig. 1). Gabal Ghorabi represents tbe central segment of the giant Ghorabi- 
El Ghaziya structural belt (Fig. 2). 
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Plate 1. A) The Eocene ironstone succession overlies the Cenomanian elastics of the Bahariya 
Formation. Note the effect of minor step faults on both the Bahariya Formation and ironstone 
succession; B) Angular unconformity between the tilted and draged Cenomanian elastics of the 
Bahariya Formation and the overlying Eocene ironstones along the master fault of Gabal Ghorabi; C) 
The Eocene ironstone succession overlies the Cenomanian elastics of the Bahariya Formation. Note the 
effect of minor step faults on both the Bahariya Formation and the'ironstone succession; D) General 
field view of the ironstone succession of the southern sector of Ghorabi mine area; 1= mud-ironstone 
unit; 2= fossiliferous ironstone unit; 3= nummulitic-oolitic-oncolitic ironstone unit; 4= barite-bearing 
mudstone unit, and 5= lateritized iron ore unit; E) The mottled appearance and color variations in the 
burrow-mottled mud-ironstone, PPL; F) Field photograph of the laminated kaolinitic mudstone and 
glauconitic ironstone of the lower mud-ironstone of the eastern part of the southern sector. Notice the 
presence of reddish brown stratiform ironstone concretions; G) Thinly laminated yellowish brown 
glauconitic mud-ironstone contains sub-angular quartz grains and silica spherules, PPL. 
PPL. - Plane Polarized Light 
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The eastern segment of this structural belt affects the Eocene rocks on the eastern plateau of the 
depression and is represented by several small right-stepped, en-echelon folds. The western segment of 
Gabal Ghorabi-El Ghaziya structural belt consists of W- to WNW-oriented, left-stepped en-echelon faults. 
The master fault displaces the southern sector of Gabal Ghorabi downward (hanging wall). Gabal 
Chorabi fault (master fault) dips at 62° due south (Moustafa et at. 2003) with a vertical displacement of 
about 40 m (El Akkad and Issawi, 1963). A set of minor step normal faults trending E-W cuts across the 
Eocene ironstone succession of the southern and northern sectors. The crest of this anticline was 
continuously eroded, whereas its flanks were subsequently onlapped by the Eocene ironstone succession. 
The Eocene ironstone succession unconformably overlies the Cenomanian elastics of the Bahariya 
Formation with clear angular unconformity relationship at the fault plane due to drag (Plate IB). Two 
phases of movement are recorded on the master fault; the earlier movement is indicated by the southward 
dipping of the Bahariya Formation on the southern side of the fault due to drag. The later movement led 
to the displacement of the Eocene ironstone succession of the Naqb Formation, which unconformably 
overlie the dipping Bahariya beds. 

STRATIGRAPHIC ARCHITECTURE OF GHORABI IRONSTONES 
Four detailed lithostratigraphic sections representing the ironstone successions of the study area are 
carefully measured, described and correlated with two carbonate sections in the surrounding eastern and 
northern carbonate scarp (Fig. 2). The ironstone succession of Gabal Ghorabi represents a relatively 
reduced and condensed section (up to 23 m thick) relative to the surrounding thick carbonate succession 
of the northeastern plateau of El Bahariya Depression (68 m thick, Said and Issawi, 1964). According to 
the lithological characteristics of the ironstone successions, Gabal Ghorabi area is subdivided into three 
main sectors separated by two major NE-SW right lateral strike-slip and normal faults (Fig 2). These are: 
southern, central, and northern sectors. The Ghorabi ironstone succession can be subdivided into two 
characteristic sequences; the lower and the upper ironstone sequences, which are correlated with the 
lower and upper iron ore units of Said and Issawi (1964). The geographic distribution of the lower 
ironstone sequence allover Gabal Ghorabi mine area indicates that it displays great lateral and vertical 
variations in thickness and lithological aspects. These variations are related to the paleotopography and 
the configuration of the underlying Cenomanian Bahariya Formation as well as the syntectonic elements 
prevailed during the Post-Cenomanian-Pre- Eocene time span. The different rock-stratigraphic units of 
these ironstone sequences and their lateral variations as well as the associated paleosols and surficial 
duricrusts are shown in Table 1. 

The lower ironstone sequence is rich in fossil molds and casts as well as ferriferous ooids, peloids and 
oncoids. It is separated from the underlying Cenomanian Bahariya Formation by a thin layer of 
oligomictic, intraformational conglomerates and separated from the overlying lateritized (karst) iron ore 
unit by a characteristic brick red hematitic mud-ironstone (paleosol horizon). 

The upper ironstone sequence forms the vertical cliff segment of the main scarp of Gabal Ghorabi and 
consists mainly of a basal of olive green to greyish white laminated mudstone unit grading upward into 
three repeated shallowing-upward cycles of mud- and nummulitic-bioclastic ironstones and thin bed of 
stratiform barite. Thin sandstone beds of the Oligocene Qatrani Formation with or without hard cap of 
silcrete or ferricrete duricrusts are often observed. The upper ironstone sequence has the same lithological 
characters and is highly lateritized giving rise to highly collapsed iron ore type with varieties of re- 
deposited trustified and colloform iron and manganese oxides and hydroxides together with surficial 
ferricrete duricrust. 

FACIES ANALYSIS AND DEPOSITIONAL ENVIRONMENTS 
A. The lower ironstone sequence 
1. Mud- Ironstone Facies (2-4 m) 

The mud-irontone facies is composed mainly of varicolored bioturbated mud-ironstones and it is 
subdivided into two lithological horizons (Fig. 3, Plate ID): The lower horizon (2-2.5 m thick) consists of 
dark violet to black manganese-rich hematitic burrow-mottled mud-ironstone facies (Plate IE), containing 
few scattered ferruginized nummulite tests. Microscopically, the mud-ironstones consist of sub-rounded 
light brown to black hematitic peloids mixed with angular sand-sized quartz grains and biomouldic 
cavities of ferruginized nummulite tests and skeletal algae. These components float in bioturbated 
amorphous iron and manganese oxyhydroxides matrix. The upper horizon (1-1.5 m thick) consists of 
thinly laminated brick red hematitic-goethitic mud-ironstone facies. It shows gradational contact with the 
underlying burrow-mottled mud-ironstones. This facies exhibits features indicating short period of 
subaerial exposuring such as desiccation cracks and alveolar texture. Eastwards in the southern 
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Fig.2. Simplified geological map of Ghorabi-Nasser area (based on the geological map of El Aref and 
Lotfy, 1989). 1) Clastic rocks of the Cenomanian Bahariya Formation; 2) Karstified limestones of the 
Eocene Naqb Formation; 3) Iron ore deposits; 4) Quaternary sediments; 5) Faults; 6) Drainage lines; 
7) Cone karst; 8) Measured ironstone sections (1-4) and carbonate sections (5 and 6); 9) Triagulation 
points; 10) southern (S), central (C) and northern (N) sectors of Ghorabi mine area. 
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Lithofacies 




Dominant 
textures 



Wacko-/p8ck- 
ironstone 

Mud-ironstone 



Wacke-/pack- 
ironstone 

Mud-ironstone 



Wacke-/pack- 
ironstone 

Mud-ironstone 



Mudstone 



Mud-Zwacke-ironstone 
Grain-ironstone 



FloaWrud-ironstone 
Mud-ironstone 

Wacke-/pack- 
Ironstone 

Mud-ironstono 

FloaWrud-ironstone 

Mud-ironstone 
Mudstone 



Mud. 



Mud-ironstone 



Grains/fossils/ 
bioclasts 



Quartz grains (a) 

Bioclasts (a) 
Nuinmulitid and 

meliolld forams 
Oolds (r) 



Bioclasts (a) 
Nummulltld and 

mellolld forams 
Ooids(r) 



Bioclasts (a) 
Nummulitld and 
meliolid forams 
Ooids(r) 



Quartz grains (r) 
Bioclasts (r) 
Barite crystals (c) 



Jummulitid and 
lellolid forams (a; 

Bioclasts (a) 
Oncolds 
Ooids (a) 



Molds and casts of 

Echinoderms / a ) 

Gastropods 
Bivalves (a) 
Skelatal algae 
Nummulltlds(a) 
Rock fragments 

Glauconite peloids 

M 



White kaolinitic and greer 



Quartz grains (r) 



Nummulitids 
Bivalves (c) 
Skelatal algae (c) 



Quartz grains (r) 
— - 



Coarse black debris 
Lenticular bedding 
Planar cross-lamlnatlon 
Bioturbatlon 



Lenticular and flat bedding 
" anar cross-lamlnatlon 



Bloturbation 



Lenticular and flat bedding 
Planar cross-lamination 



Flat to wavy laminae 



Desiccation cracks 
Flat to wavy laminae 
Mottling 

Lagoonward paleocurrentl (storm 
Amalgamated mega-rippl"- 
Brecciation 



Bloturbation 

Symmetrical wave ripples) 
Bioturbatlon 

General gadded bedding 

Microbial lamlnltes 

Bioturbatlon 
Poorly sorted fossil 
molds and casts 
Massive 

Broad erosion scours 
f lat to wavy laminae 



Desiccation cracks 
Rootlets 

Fenestral porosity 

Alveolar structures 

Bloturbation 

Flat lamination /bedding 

Mottled 

Biomouldic cavities 
Bioturbation 



sedimentary environment 



Superimposed laterltlzatlon 
and karstifications 



Shallow subtidal-intertidal 
Shallowing-upward cycles 



Shallow subtidal 



Upper intertidal 
beds In tidal channel) 



Shallow subtidal- 
lower Intertidal 
[storm beds In lagoon) 



Shallow subtidal 



Subaerial exposure 

Upper intertidal 
mud flat 



Shallow subtidal • 
lower intertidal 
Lagoon 



c mudstone with ironstone bands and lenses ,„.„.. 

(a ■ abundant M» Mud-lronston 
(c * common W= Wacke-lronstonel 
(r ■ rare p " Pack-ironstone 
V rare G= Grain-Ironstone 



Fig.3. Facies analyses and depositional environment of the Eocene ironstones at the western part of 
the southern sector of Gabal Ghorabi mine area (section 1, Fig.2). 
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sector (Fig. 4), the lower mud-ironstone unit (1 tol.5 m in thickness) changes laterally into glaucony- 
bearing small-scale shoaling-upward cycle. The lower part of this cycle is formed of thinly laminated 
kaolinitic and glauconitic mudstone, grading upward into thinly laminated egg-yellow mud-ironstone 
facies, containing sub-rounded to elongate irregular lenses and pockets of dark red to black hematitic 
ironstone (Plate IF and 1G). Northward, the mud- ironstone unit is similar, to a large extent, to that 
described in the southern sector. The XRF analyses of this facies are shown in Table 2. 



Dcpositional Environment 

The low fauna! diversity and abundance, intensive bioturbation and clotted fabric of the mud-ironstone 
facies suggest deposition from iron-rich colloidal suspension in shallow subtidal to lower intertidal zones 
of a quiet water lagoon with low wave and tidal influences. The land-derived iron-rich colloidal 
suspensions are probably derived from the intensively lateritized hinterlands and the nearby surrounding 
emerged paleohighs of iron- and glaucony-bearing Cenomanian elastics of the Bahariya Formation. The 
lagoonal environment is developed in a tectonically-controlled low-lying area representing the 
downthrown side of the major NE-SW right lateral strike slip fault (Ghorabi-El Ghaziya fault). The 
bioturbation and mottling of these mud-ironstones and the presence of relics of glaucony facies support its 
deposition in slightly reducing to oxidizing condition and under quiet and low energy environment with 
low sedimentation rates (Mesaed and Surour, 2000). The manganese enrichment of the lower burrow- 
mottled mud-ironstones give more evidences on the deposition in near shore oxygenated lagoon or swamps 
(Stanton, 1972). The thinly laminated brick red hematitic mud-ironstone is marked by the presence of 
irregular fenestral cavities, rootlet molds and casts and desiccation cracks that indicate deposition under 
low tidal influences in the upper intertidal mud flat and exposed to subaerial processes (Reinson, 1992). 

2. Stromatolitic Ironstone Facies (2 m thick) 

This facies comprises the lowermost part of the lower ironstone sequence in the central sector and is 
equivalent to the mud-ironstone facies in the southern sector (Fig. 5, Plate 2A). It unconformably rests on 
the cross-bedded ferruginous sandstones of the Cenomanian Bahariya Formation. The lower part of this 
unit is build up of 30-60 cm thick stromatolitic mud-/wacke-ironstone facies grading upward into oncoidal 
rud-ironstone facies (Plate 2B). The stromatolitic mud-/wacke-ironstone facies consists mainly of brown 
amorphous iron oxyhyroxides and shows characteristic stromatolitic organo-sedimentary structures. 
Morphologically, the stromatolitic mud-Avacke-ironstone can be vertically differentiated into the 
following three morphotypes, being arranged from base to top as follow: oncolitic type, planar to wavy 
"stratiform" type, and micro-columnar "digitate" type (Plate 2D). 

■ The oncolitic type consists of irregular concentrically to semi-concentrically laminated bodies and 
forms the substrate for the next planar to wavy stratiform type. The shape and size of these oncoids 
depend on the shape and size of their nuclei. The nuclei consist of skeletal red and green algae, 
nummulite tests, peloids and angular mud-ironstone clasts. The oncoid cortical laminae are fitted 
vaguely with those of the neighboring grains. Microscopically, the oncoid cortical laminae contain a 
variety of filamentous and coccoid cyanobacteria. The matrix consists of dark brown amorphous iron 
oxyhydroxides and ferruginized skeletal particles with yellow isopachous goethite cement. 

■ The "stratiform" stromatolitic type consists of flat to wavy thin laminae and they contain fenestral 
cavities of laminoid and tubular forms. The lateral persistence of these laminae may be disrupted due 
to desiccation, folding and bioturbation. The stromatolitic laminae may overlap each other and exhibit 
tuft-like structures. Microscopically, these laminae show variable color intensities, from yellowish 
green amorphous iron oxyhydroxide laminae to brown goethitic laminae (Plate 2E). 

■ The micro-columnar "digitate" type (Aitken, 1967) grows as small fingers on the upper surface of the 
previous type. A number of small fingers are coalesced upward by the development of lateral linkage 
into more compound domal and columnar types (Plate 2F). 

The oncoidal rud-ironstone facies (up to 1.5 m thick) consists of rounded to sub-rounded yellowish brown 
ferriferous oncoids (up to 0.7 cm in diameter), micrp-oncoids (0.7-1.5 mm) and less frequent segments of 
oncoid cortices, showing grain-supported fabric (Plate 2G). The ferriferous oncoids have circular, 
ellipsoidal and amoeboidal shapes and posses nuclei of micro-oncoids and fragments of stromatolitic 
ironstone. The oncoid cortical laminae vary from even and wavy to crenulated types. These framework 
components are embedded in a reddish brown amorphous iron oxyhydroxide matrix that is partially to 
completely recrystallized into acicular goethite and hematite crystallites. The upper boundary of this 
oncolitic ironstone is highly desiccated and in situ brecciated. The XRF analyses of this facies are shown in 




Table 2. 
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Lithofacies 




Dominant 
textures 



Grains/fossils/ 



Sedimentary 



Depositional processes and 
sedimentary environment 



P G 

{ Silcrete 
duricrust 
Nummulitic 
bioclastic 

Bioturbated 

Nummulitic 
bioclastic 

Bioturbated 



Wacke-/pack- 
ironstone 



Mud-ironstone 

Wacke-/pack- 
ironstone 

Mud-ironstone 



Wacke-/pack- 
ironstone 

Mud-ironstone 

Glauconitic 
mud-ironstone 



Bioclasts (a) 
Nummulitid and 
meliolid forams (a) 
Ooids (r) 



Bioclasts (a) 
Nummulitia and 
meliolid forams(a) 
Ooids (r) 



Bioclasts (a) 
Nummulitid and 
meliolid forams (a) 
Ooids (r) 
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ironstone 
Wacke-ironstone 



Mud-/wacke- 
ironstone 
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mud-ironstone 

Kaolinitic 
mudstone 



Molds and casts of 
Echinoderms (a) 
Gastropods (a) 
Bivalves (a) 
Skelatal algae (c) 
Nummulitids (c) 
Rock fragments (r) 
Glauconite peloids ( r ) 



Nummulitid and 
meliolid forams(a) 
Bioclasts (c) 
Oncoids (a) 



Ooids a) 



Molds and casts of 
Echinoderms (a) 
Gastropods a) 
Bivalves (a) 
Skelatal algae (c) 



Biomouldic cavities 
of Nummulitids (r) 
Bivalves (r) v ' 
Skelatal algae (r) 

Quartz grains (c) 



Coarse black debris 
Lenticular and flat bedding 

Planar cross-lamination 
Bioturbation 

Lenticular and flat beddm 
Planar cross-lamination 

Bioturbation 



Superimposed lateritization 

and karstifications 
Stratabound lateritic iron ores 
and barite deposits are deposited 
by subaerial karstification 
inducing lateritization 
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Fig.4. Facies analyses and depositional environments of the Eocene ironstones at the eastern part of 
the southern sector of Gabal Ghorabi mine areas (section 2, Fig.2). 
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Table 2. XRF analyses of the different ironstone microfacies of Gabal Ghorabi mine area. 



I.S type 


Mud-ironstone 


I.S sub- 
type 


A- Yellow mud-ironstone 


B- 
Goethitic 


C-Mn-rich hematitic 


oxides 


1 


2 


3 


4 


5 


6 


7 


8 


9 


Fe 


51.8 


49.2 


43.2 


57.7 


38.5 


54.6 


57.4 


48.6 


51.1 


CI 


0.26 


1.48 


2.67 


0.65 


0.16 


0.11 


0.25 


0.45 


0.42 


Si0 2 


7.03 


11.09 


6.22 


4.76 


14.9 


0.72 


1.01 


0.86 


5 


MnO 


1.56 


0.75 


0.85 


0.39 


8.59 


9.92 


10.14 


8.96 


5.79 


BaO 


0.07 


0.56 


2.4 


0.08 


0.49 


0.22 


0.8 


1 


0.86 


Ai 2 3 


3.66 


2.62 


3.42 


0.83 


5.72 


0.02 


0.36 


Nil 


1.06 


CaO 


0.27 


0.41 


2.05 


0.27 


0.57 


0.14 


0.35 


0.29 


0.25 


MgO 


0.47 


0.41 


2.05 


0.26 


0.61 


0.3 


0.45 


0.7 


1.15 


K 2 


0.29 


0.06 


0,13 


0.13 


0.99 


0.04 


0,04 


0.1 


0.11 


P 2 5 


0.32 


0.31 


0.69 


0.24 


0.3 


0.23 


0.3 


0.1 


0.17 


s 


0.12 


0.41 


0.14 


0.11 


0.22 


0.06 


0.17 


0.16 


Nil 


Ti0 2 


0.14 


0.04 


0.08 


0.08 


0.31 


0.03 


0.04 


0.03 


0.07 



I.S type 


E- Oolitic-oncolitic 
I.S 


F-Nummulitic I.S 


G-Fossiliferous I.S 


H-Green 
muds tone 


oxides 


11 


12 


13 


14 


15 


16 


17 


18 


19 


Fc 


52.6 


46.5 


55.3 


28.4 


57.8 


50 


54.7 


9.04 


9.2 


CI 


1.51 


1.32 


0.22 


7.18 


0.55 


0.3 


0.36 


4.9 


5 


SiO z 


4.14 


16.9 


7.35 


24.7 


0.7 


0.24 


1.4 


36.7 


28.8 


MnO 


1.65 


0.19 


0.25 


3.94 


7.56 


17.21 


10.2 


0.2 


0.12 


BaO 


0.9 


0.24 


0.07 


0.22 


0.81 


0.9 


0.25 


2.02 


0.6 


A1 2 3 


1.97 


1.68 


1.4 


0.32 


0.08 


0.16 


0.84 


16.5 


14.7 


CaO 


0.54 


0.34 


0.82 


0.64 


0.39 


0.21 


0.26 


1.06 


0.21 


MgO 


0.54 


0.34 


0.29 


0.64 


0.7 


0.8 


0.62 


2.17 


1.3 


K 2 


0.07 


0.06 


0,07 


0.06 


0.1 


0.07 


0.09 


2.79 


2.06 


P 2 O s 


0.39 


0.3 


0.29 


0.2 


0.14 


0.23 


0.2 


0.32 


0.11 


s 


0.74 


0.64 


0.28 


0.21 


0.24 


0.13 


0.18 


0.37 


0.14 


TiOa 


0.04 


0.02 


0.06 


0.03 


0.03 


0.02 


0.04 


1.17 


0.92 



40 



EL AREF, M. M. et al 

a 




Dominant 
textures 



Pack-ironstone 



Mud-/pack-ironstone 

Diagenetic Crystallization 
Rhythmites (DCR) 



Grains/fossils/ 
biociasts 



Diagenetic Crystallization 
Rhythmites (DCR) 

Mud-ironstone 



Wacke-ironstone 



Mud-ironstone 



Biociasts (a) 
Nummulitid and 
meliolid foram (a) 



Biociasts (a) 
Nummulitid and 
meliolid forams (a) 



Biociasts (a) 
Nummulitid and 
meliolid forams(a) 



Quartz grains (r) 
Biociasts (r) 
Barite crystals (c) 



Sedimentary 
structures 



Bahariya Fm. 



Oncoidal- 
ooidal 

Oncoidal 



® ©@ © © p'Qturbated 
® © 35 ® • I Ooidal 



Pack-.'grain-ironstone 
Grain-ironstone 



Pack-/grain-ironstone 
Wacke-ironstone 




Stromatolitic 



Pack-/grain-ironstone 
Mud-/wacke-ironstone 
Mud-/wacke-ironstone 

Rud-ironstone 
Mud-/wacke-ironstone 



Nummulitid and 

meliolid forams (a) 
Ooids (c) 
Oncoids (c) 
Biociasts (a) 
Intraclasts i r \ 



Oncoids (a) 
Nummulitid forams(c 



Cross-bedding 
and lamination 

Fine-scale 
lamination 
Bioturbation 
Desiccation cracks 

Algal laminites 
Lenticular bedding 
Fine-scale 
lamination 

Fenestral cavities 
Bioturbation 



Lenticular bedding 
Fine-scale 
lamination 



Flat to wavy laminae 
Barite nodules and 



Depositional processes & 
sedimentary environment 



lntraformational_conglomerate 
Ferruginous glauconitic sandstone 



Ooids (c) 
Oncoids (a) 
Nummulitid forams 

w 

Ooids (a) 
Nummulitid forams 

Peloids (c) (r) 
Oncoids (r) 
Skeletal algae (r) 



Ooids (a) 
Intraclasts (c) 
Nummulitid forams 

Skeletal algae 



Brecciation 
Dessication cracks 

Herring-bone 
cross lamination 

Low-angle planar 
cross bedding and 
lamination 

Gradded bedding 



Wave-ripple 
cross lamination 



Scoured base 

Wave-ripple 
cross lamination 
Bioturbation 
Flat bedding and 
lamination dipping 
seaward at low angli 

Bioturbation 



Flat bedding 

Bioturbation 
Microbial mats 



Superimposed lateritization 



Stratabound lateritic iron ores 
and barite deposits are deposited 
by subaerial karstification 
inducing lateritization 

Shallow subtidal-supratidal 
Stratiform barite deposits are accumulate^ 
at top part of the shallowing-upward cycle: 
in supratidal sabkha environment 



Shallowiru 
Shallow sue 

The nummulitic tests and bioclastic debris 
are deposited bt tidal current as bed load 
and reworked by storm waves 



The mud is deposited from 
suspensions in low-energy,calm 
conditions 

Shallow subtidal 



Subaerial exposure 

Abundance of nummulitids and 
optimum shallowing 



Shallow subtidai-intertidal 
submarine shoal 
Highly agitated shoal 
with in situ working 



ntertida bond developed at the edge 
of the high-lying central sector 



(aj= abundant 
(c)= common 
(r)= rare 



Fig.5. Facies analyses and depositional environments of the Eocene ironstones at the central sector of 
Gabal Ghorabi mine area (section 3, Fig.2). 
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Plate 2. A) Panoramic field view of the lower ironstone sequence of the central sector of Gabal 
Ghorabi. This sequence onlaps and truncates the underlying Bahariya Formation and consists of 
stromatolitic mud-ironstone unit (C) and nummulitic-oolitic-oncolitic ironstone unit (D). Photo 
looking due southwest; B) The stromatolitic ironstone unit consists stromatolitic mud-ironstone 
grading upward into oncolitic ironstone; C) Field photograph showing the five coarsening-upward 
cycles constituting the nummulitic-oolitic-oncolitic ironstone unit of the central sector of Gabal 
Ghorabi mine area; D) Simplified sketch for the different morphologies of the stromatolitic mud- 
ironstone: 1- oncolitic type, 2- planar stratiform stromatolitic type, and microcolumnar 
"digitate"type; E) Planar stratiform stromatolitic mud-ironstones showing different colour and 
minerlogical variations, PPL; F) Microcolumnar "digitate" stromatolitic type grows as surface 
irregularities on the upper surface of the previous type. Notice the presence of ferriferous peloids 
within the intercolumnar areas, PPL. (G) The oncoidal float-/rud-ironstone consists of large 
yellowish brown ferriferous oncoids embedde in brick red hematitic matrix. 
PPL. = Plane Polarized Light 
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Depositions! Environment 

The stromatolitic mud-ironstones with their characteristic fenestral cavities and sporadically distributed 
beuthic forams and skeletal algae are common in an intertidal zone (SMF no.20 of Wilson, 1975). This 
type forms a biostrome and is commonly developed under low energy conditions in shallow intertidal 
environment (Gerdes et al, 1994). The close associations of the ferriferous micro- oncoids and oncoids 
within the laminated stromatolitic mats may indicate that these grains are in situ formed (autochthonous) 
within the same tidal flat environment (Dahanayake et <*/., 1985). The vertical transition from the 
stromatolitic mud- ironstone toward the oncoidal ironstone may suggest shallowing-upward from calm, 
low-energy water condition toward agitated water condition. 

3. Nummulitic-Ooidal-Oncoidal Ironstone Facies (11m thick) 

This facies dominates in the central sector of Cabal Ghorabi and it rests on the stromatolitic ironstone 
facies. It exhibits bidirectional planar cross-beddings with a general dip of 5-10° due north, ripple cross- 
lamination, graded bedding, and scour- and fill- structures. The upper boundary of this facies is marked 
by collapse ironstone breccias. This facies consists of five successive shallowing-upward cycles, each of 
which ranges from 1 to 3 m in thickness (Fig. 5, Plate 2C). Each cycle starts with yellow bioturbated 
matrix-supported mud-ironstones passing upwards into well to moderately sorted and grain-supported 
ooidal, peloidal, oncoidal and nummulitic pack-/grain-ironstones. 

The lower cycle (1) begins by an egg-yellow bioturbated massive to faintly laminated, matrix-supported, 
peloidal-ooidal mud-/wacke-ironstones and terminated by silicified goethitic peloidal-ooidal pack-/grain- 
ironstones (Plate 3A & B). The ferriferous ooids and peloids (0.5-2 mm in diameter) are of spheroidal, 
rounded and spastolithic forms. The ooids have poorly developed cortical laminae with less distinct nuclei. 
The contact between the ooid cortical laminae and the surrounding matrix is gradational. The ooid 
cortical laminae consist of couplets, made up of egg-yellow glauconitic clay laminae with faint greenish 
tint intercalated with dark brown goethitic laminae. The variations in the tone of these laminae can be 
attributed to the difference in the organic matter content and diagenetic modifications. The matrix 
consists of amorphous iron oxyhyroxide, commonly recrystallized into varicolored crystalline phases of 
goethite, hematite and pyrolusite. 

The second cycle (2) begins by bioturbated goethitic oncoidal float-ironstone and terminated by goethitic 
oncoidal rud-ironstone (Plate 3C). The main components are ferriferous oncoids, up to 1 cm in diameter, 
micro-oncoids (0.5-2 mm in diameter) and less common ferruginized nummulite tests. The ferriferous 
oncoids and micro-oncoids are rounded and spheroidal in shape and have even to wavy cortical laminae 
that may evolve into club-shaped microstromatolitic types (Plate 3D). In some instances, the oncoid 
cortical laminae may entirely consist of ferruginized rounded, erect and fusiform bacterial cells and 
capsules. 

The third cycle (3) begins by oncoidal-ooidal wacke-ir on stones and terminated by silicified goethitic 
oncoidal-ooidal pack-/grain- ironstones (Plate 3E). The framework components of this cycle show bimodal 
grain size distribution, the ooid size does not exceed 2 mm in diameter and the oncoid size exceeds 0.5 cm 
in diameter. The majority of ihe ferriferous-coated grains lack cores (Plate 3F), while few grains have 
cores made up of nummulite tests aud angular mud-ironstone clasts. 

The fourth cycle (4) begins by oncoidal wacke- ironstones and terminated by silicified goethitic oncoidal 
>rain-ironstones (Plate 3 G). The framework components of this cycle comprise ferriferous oncoids (up to 
0.5 cm in their diameter) mixed with few ferriferous ooids and intraclasts. The majority of these oncoids 
have cores made up of angular massive mud-ironstone clasts (Plate 3H), fragments of nummulite tests or 
broken segments of oncoid cortex. The cortical laminae are even to slightly wavy and well developed. The 
a Ho chemical components are cemented by micro-crystalline mosaic quartz. 

The fifth cycle (5) begins by ooidal-nummulitic wacke-ironstones grading upward into silicified goethitic 
ooidal- nummulitic pack-/grain-ironstones. The framework components consist of ferruginized and 
silicified microbo red skeletal particles admixed with few scattered ferriferous ooids, oncoids and peloids. 
The main skeletal components are nuniraulites associated with body fossils and bioc lasts of echinoid 
•dates, spines and skeletal algae (Plate 31). The skeletal particles and the ferriferous ooids are arranged in 
repeated thinly cross-laminated couplets that show graded patterns. Each,couplet consists of rhythmically 
alternated fine-grained and well-sorted peloids and ooids with nummulitic cores and coarse-grained and 
moderately sorted nummulite tests, bioclastic debris 
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Plate 3. A) Hand sample showing well sorted and grain-supported silicified ooidal ironstone (top of 
the first shallowing-upward cycle). (B) Well sorted ooids and peloids embedded in brown organic- 
rich amorphous iron oxyhydroxide matrix, PPL. (C) Oncoidal rud-ironstone (top of the second 
shallowing-upward cycle). (D) Microscopic scoured contact between the well sorted ooidal 
ironstones and the overlying oncoidal float-/rud-ironstones, O.L. (E) Moderately sorted and grain- 
supported oncoidal-ooidal ironstone forming the top of the third shallowing-upward cycle. (F) 
Yellowish brown ferriferous oncoids embedded in mottled and amoeboidal recrystallized goethite 
matrix. Notice the absence of obvious core, PPL. (G) Well sorted and grain-supported oncoidal 
grain-ironstone terminating the fourth shallowing-upward cycle. (H) Well sorted with core made 
up of angualr mud-ironstone clasts. Notice the presence of spastolithic ooids with half moon-like 
shape, PPL. (I) Ooidal-nummulitic grain-ironstone terminating the uppermost shallowing-upward 
cycle. Notice the ripple cross-lamination and graded lamination, O.L. (J) Rounded single and 
bilobed coccoid cyanobacterial cells embedded in glauconitic clays and egg-yellow and brown 
amorphous iron oxyhydroxides matrix. 
PPL. = Plane Polarized Light O.L. = Ordinary Light 
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and ferriferous oncoids. The nummulite tests still preserve the original internal radial wall architectures. 
The ferruginized skeletal and bioclastic particles are often coated by thin massive rind of acicular and 
polygonal goethite crystals. The goethite rind has an irregular contact with the internal bioclasts. The 
cortical laminae are rich in filamentous and coccoid cyanobacteria (Plate 3J), similar to those described 
by Dahanayake et aL (1985); Dahanayake and Krumbein (1986); Chafetz et at. (1998) and Chafetz and 
Guidry (1999). These framework components are embedded in amorphous iron oxyhydroxide matrix that 
is subjected to progressive feminization and silicification. Westwards in the central sector, the 
aforementioned s hallo wing-up ward cycles are intensively silicified. The framework ferriferous ooids, 
peloids, oncoids and bioclastic components as well as the interstitial matrix are partially to completel) 
replaced by micro-crystalline quartz mosaics. Southwards, the shallow subtidal-intertidal nummulitk- 
ooidal-oncoidal ironstone facies extends toward the western part of the southern sector, attaining up to 2S 
m in thickness (Fig. 3). Id this locality, this facies is characterized by sharp and erosive scoured bases with 
ooidal-oncoidal ironstone lags derived from the crest of the tidal bar of the central sector and mixed with 
coarse skeletal debris derived from the underlying fossiliferous ironstone facies. The lags are overlain by 
burrow-mottled mud-ironstone beds and lenses containing few sparsely distributed skeletal grains. 
Ferriferous oncoids of variable sizes (up to 6 cm in diameters) are developed at the expense of these mud- 
ironstones, leading to the formation of matrix- to grain-supported oncoidal float-Zrud- ironstones. These 
mud-ironstones grade upward into cross-laminated megaripples of ooidal-nummulitic grain -ironstones, 
which display a pinch and swell geometry and their troughs are filled by burrow-mottled mud-ironstone. 
The megaripples (20 to 60 cm in thickness) may extend from 1 to 5 m in length. This facies is terminated 
by thinly laminated and highly desiccated brick red hematitic mud-ironstones (paleosol). The XRF 
analyses of this facies are shown in Table 2. 

Depositional environment 

The cyclic pattern of this facies start with bioturbated mud-/wacke-ironstone microfacies, which appears 
be deposited from suspension in relatively quiet water, low-energy condition with low sedimentation rate 
as confirmed by the intensive bioturbation and clastic starvation (Young, 1989; Burkhalter, 1995; 
Macquaker and Taylor, 1996 and Donaldson et al. 1999). The mud-/wacke-ironstone microfacies grades 
upward into peloidal, ooidal, oncoidal and/or nummulitic pack-/grain-ironstones with moderately to well 
sorted and grain-supported fabrics. The external and internal morphology of the oncoids and ooids reveal 
in situ biogenic accretion at the expense of the original Fe-rich precipitates of the host mud-ironstones, 
similar to the intrasedimentary accreted ooids described by Guerrak (1987) and El Aref et al. (1996). This 
conclusion is supported by the following megascopic and microscopic observations: 

1. The absence of true cores in most of the ferriferous oncoids and micro-oncoids, 

2. The gradational contacts between the cortical laminae and the surrounding matrix on one hand, and 
between the core and the cortical laminae on the other hand, 

3. The cortical laminae commonly overlap each other and exhibit swelling nature, forming small-scale 
disconformities delineated by thin discontinuous hematitic laminae, 

4. The occurrence of discontinuous and non-isopachous thrombolitic cortical laminae alternated with 
even stromatolitic laminae, and 

5. The abundant distribution of microbial forms such as filamentous and coccoid cyanobacteria I cells and 
capsules within the ferriferous oncoids. 

The textural parameters and sedimentary structures of the pa ck-/gra in-iron stones indicate that the 
ferriferous ooids and oncoids are in situ reworked in a shallow marine environment under low to 
moderate energy conditions at or above wave base (para-autochthonous grains). 

The ferriferous ooids and oncoids capping the uppermost two shallowing-upward cycles are cored by 
angular segments of broken ooids, ironstone clasts as well as ferruginized foraminiferal tests and bioclasts 
of various megafossils. The cortical laminae have sharp contacts with the central cores and may exhibit 
highly contorted and microstromatolitic shapes. The well sorted textures and grain-supported fabrics 
indicate in situ reworking of the mud fraction with low to moderate energy by tidal and/or storm current 
and waves at/or above wave base. The ooid and oncoid cortical laminae are most probably formed during 
the calm inter-storm periods, where they are colonized by a variety of microscopic (microbial) organisms. 

The fauna) assemblages increase in abundance with the upward shoaling and this indicate open and 
normal marine conditions (Wilson, 1975 and Maynard, 1983). The numurulites have originally lived on a 
relatively soft muddy substrate (Girgis and Hindy, 1973) and the good conditions for their development 
are warm, well oxygenated water (Blondeu, 1972). The nummulite tests and bioclastic debris appear to be 
transported as a bedload during periods of high velocity, producing sheets or megarippled bedforms. The 
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moderately to well sorted textures and the grain-supported fabrics of these fossil allochems and the 
associated ferriferouis ooids, peloids and oncoids together with their concentration in a megarippled 
hedforms indicate in situ reworking and redeposition with winnowing of the mud constituents. They can 
be described as parautochthonous grains (Kidwell and Holland, 1991). 

During the intermittent periods (inter-storm events) of low velocity, the iron-rich fine materials are settled 
down from suspension as confirmed by the presence of burrowing effects, iron-encrusting organisms and 
ferruginous bored bioclasts (Burkhalter, 1995). The suspended iron-rich materials are infiltrated and 
adsorbed into the inter- and intra-skeletal pore spaces that are assisted by microboring organisms. The 
original calcareous fossil particles are replaced by amorphous iron oxyhydroxides. These ferruginized 
fossil lags provide a mobile substrate for iron-encrusting organisms to develop ferriferous ooids and 
oncoids. Such conditions of quiet water energy and development of iron-encrusting organisms are 
favourable for developing microstromatolitic cortical laminae surrounding cores of ferruginized 
nummulite tests and bioclastic grains and mud-ironstone clasts. These favourable conditions of prolific 
development, in situ concentration and reworking of the nummulite tests are predominated in shallow 
subtidal-intertidal shoals, tidal bars and tidal channels (Wilson, 1975), which are subjected to episodic 
storm waves (Blondeu, 1972; Aigner,1984). The uppermost part of this shoal is entirely built up of 
nummulitic ironstone that is subjected to storm-generated erosion, reworking, winnowing during relative 
sea level fall (Cotter and Link, 1993). These storm beds become exposed to subaerial weathering and 
pedogenic processes. The net result is a typical shallowing-upward sequence and seaward progradation of 
the shoreline. This tidal bar or shoal is built up on a submarine swell of the underlying Cenomanian 
Bahariya Formation. 

The southward extension of the shallow subtidal-intertidal nummulitic-ooidal-oncoidal ironstone facies 
indicates that the tidal bar crest is dissected by tidal channel that extends lagoonward during the storm 
event and truncates the underlying shallow subtidal-lower intertidal lagoonal fossiliferous ironstone 
facies. 

4. Fossiliferous Ironstone Facies 

This unit is well developed in the southern sector of Gabal Ghorabi mine area, attaining up to 6 m in 
thickness. The upper surface of this facies is highly bioturbated and brecciated and exhibits symmetrical 
wave-generated ripples, while the lower surface is sharp and erosive with a variety of sole structures. It is 
composed of successive coarsening-upward cycles, showing a general upward trend of graded bedding. 
The coarsening-upward successions are well represented in the eastern part of the southern sector of 
Gabal Ghorabi mine area, comprising four cycles of up to 6 m thick and terminated by brick red 
hematitic mud-ironstone (section. 1, Fig. 3 and section. 2, Fig. 4). Each cycle (1 m thick) starts with egg- 
yellow mottled and/or thinly laminated stromatolitic mud-ironstone, commonly oxidized into dark violet 
to black hematitic massive mud-ironstone varieties. It grades upward into storm beds of variable internal 
fabrics and textures represented by highly bioturbated, fossiliferous ironstones of matrix- or grain- 
supported float-Zrud-ironstone or wacke- to pack-ironstone microfacies. The allochemical components of 
these microfacies include abundant bioturbated hematitized fossil molds and casts with less frequent 
glauconitic and barite cemented sandstone lithoclasts. 

The fauna! assemblage includes, in order of abundance, echinoid plates and spines, bivalves, gastropods, 
skeletal algae and benthic large forams, mainly nummulitids. Toward the western part of the southern 
sector, this facies is reduced in thickness into 3 m thick and is truncated by megaripples and lenses of 
nummulitic-ooidal-oncoidal ironstones. Said and Issawi (1964) identified the following fossil content in 
this unit: Corbis iameilose, Corbula aff. galica, Spondylus aegyptiacus, Velates schmiedeti, TurriteUa Sp., 
Cerithium Sp., Cytherea Sp., Buila laevissima, Nerita a/finis, Natica tonga, Diplodonta rotunda, Macrosoien 
uniradiatus, Cassis nilotica, Crepidula eossmanni, Turbinella Sp., Gastrochaena Sp., Cardita Sp., 
Nummulites atacicus, N. subramondi, Assiiina praespira, Discocyciina Sp., Opercuiina discoidea, and 
Alveolinafrumentifoemis. The XRF analyses of this facies are shown in Table 2. 

Depositional Environment 

The cyclic pattern of the fossiliferous ironstone facies indicates shallowing upward tendency from the low 
energy, quiet water conditions dominated during the deposition of the mud-ironstone part of each cycle. 
Meanwhile, the upper part of these cycles reflects agitated water condition dominated during the 
intermittent storm events. The fossil assemblage of thses beds indicates that they are derived from open 
and normal shallow marine areas (Wilson, 1975). The accumulation, sorting and restriction of these 
enormous fossil assemblages in the southern sector appear to be formed under high-energy condition by 
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storm waves and currents at/or above storm wave base during periods of relative sea level fall (Cotter and 
Link, 1993). The first stage of this storm event is the storm erosion and reworking of the skeletal grains as 
a bed load associated with fine-grained iron-rich muddy sediments as a suspended load. The good 
preservation of the shells suggests that reworking of the skeletal particles are "near situ*" or 
"parautochthonous" sensu Kid well and Holland (1991). During the waning stage of the storm, as the 
storm decreases in intensity, the reworked skeletal grains are settled down to form winnowed shell lags 
over a basinal erosional surface (Kreisa and Bambach, 1982). The fine-grained suspended iron-rich 
sediments are infiltrated and percolated down into the lag, filling inter- and intra- skeletal pore spaces 
and gradually replace the original calcareous wail structures of the shell lags. Post-storm deformation is 
indicated by bioturbation that destroyed most of the primary sedimentary structures. 

5- Nummulitic Ironstone'Facies (6 m in thickness) 

This facies represents the northward lateral facies change of the shallow subtidal-intertidal nummulitic- 
ooidal-oncoidal ironstone facies of the central sector. It is formed of four shallowing-upward cycles; each 
cycle begins by burrow-mottled Mn-rich nummulitic mud-ironstone (Fig. 6, Table 2) and is terminated by 
yellowish brown to black ooidai and/or nummulitic wacke- to grain-ironstone microfacies. It also contains 
varieties of ferruginized molds and casts of various mega- and micro-fossils, forming fossiliferous wacke- 
/pack-ironstones. This facies exhibits low-angle planar and trough cross-lamination, ripple cross- 
lamination, parallel lamination and thin mud-ironstone flasers. The succeeding coarsening-upward cycles 
are of reddish brown to black in color as a result of their manganese enrichment and are highly 
bioturbated. It is terminated by bioturbated nummulitic pack-ironstone rich in nummulite biomouldic 
cavities. The nummulitic ironstone facies is terminated by brick red hematitic mud-ironstone horizon, 
which can be traced allover Gabal Ghorabi area. The XRF analyses of this facies are shown in Table 2. 

Depositional Environment 

The cyclic nature of this facies suggests deposition under shallowing-upward condition of shallow subtida! 
environment. The local accumulations and in situ reworking of the ferruginized nummulite tests together 
with the lenticular and megarippled bedforms may indicate the role of storm currents in the 
concentration of these fossil allochems. The transition from the underlying shallow subtidal-intertidal 
ooidai-nummulitic ironstones facies into the bioturbated nummulitic ironstone facies indicates a return 
into a relatively deep, low-energy and quiet water condition (Tucker and Wright, 1990). 

B-The Upperlronstone Sequence 

1 - Olive green mudstone Facies (~lm thick) 

This facies represents a marker stratigrapbic horizon of almost constant thickness and can be traced 
allover Gabal Ghorabi mine area and the surrounding carbonate scarp. It unconformably rests on the 
underlying paleosOl horizon, capping the lower ironstone sequence (Plate 4A). In its lower part, the 
mudstone facies consists of thinly laminated fissile olive green to greyish white kaolinitic mudstones. It 
grades laterally and vertically into thin bioturbated egg-yellow glauconitic mud-ironstones, containing 
goethite nodules. Different forms and sizes of septa riau barite nodules and rosettes (0.5-3 cm in diameter) 
are sparsely distributed throughout the kaolinitic mudstones (Plate 4B). Such nodules have spherical to 
slightly elongated, Potato-like and cauliflower-like shapes with smooth or rough external outlines. The 
barite nodules of the northern sector are well developed and may reach up to 15 cm in thickness. Most of 
these nodules are usually of flat, irregular and contorted shapes whereas other nodules have lenticular 
shapes with smooth or rough external outlines. The growth of these barite nodules displaces the host 
kaolinitic mudstone and the long axes follow tt\St. bed ting planes. Microscopically, the olive green 
mudstones consist of glauconitic and kaolinitic clays with randomly distributed rounded to sub-rounded 
authigenic patches and pockets of kaolinitc booklets (Plate 4C). Idiomorphic to hypidiomorphic individual 
barite crystals' as well as barite rosettes and nodules are disseminated without following the planar 
structure of their host mudstone. Few scattered quartz grains are associated within the mudstone. The 
XRF analyses of this facies are shown in Table 2. 

2- Nummulitic-Biociastic Ironstone facies 

This facies represents the original marine ironsone facies of the lateritlzed iron ore unit and It consists of 
three repeated shallowing-upward cycles; each cycle begins by thinly laminated or burrow-mottled 
glauconitic mud-ironstone and followed by nummulitic-bioclastic wacke-/pack-ironstone. Thin beds of 
stratiform barite terminate these cycles, especially in the central sector around the main NE-SW Ghorabi- 
El Ghaziya master fault. The microscopic examinations of this ironstone facies revealed the presence of 
the following microfacies, being arranged from base to top as follows: 
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Fig.6. Facies analyses and depositional environments of the Eocene ironstones at the northern sector 
mine 
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Plate 4. A) The barite-bearing mudstone unit overlies brick red hematitic mud-ironstone (paleosol) 
with sharp desiccated contact; B) Elongated and contorted barite nodules aligned parallel to the 
bedding planes of their host kaolinitic mudstone; C) Sparsely distributed authigenic kaolinite patches 
and pockets and minute dark brown iron oxyhydroxides spot, PPL; D) The nummulitic-bioclastis 
pack-ironstone terminating the shallowing-upward cycles of the upper ironstone sequence, PPL; E) 
Hand sample showing the supratidal statiform barite. Notice the presence of the diagenetic 
crystallization rhythmites "DCRs" and irregular and laminoid fenestral cavities; F) The highly 
brecciated ironstones with dissolution joints and cracks. Note that the bedding nature of the original 
ironstone facies is still preserved; G) Cockade structure consists of crustified layers of colloform 
goethite surround a core of the original bed rock; H) Different sizes of barite crystals with interstitial 
iron-rich infiltrated soil clays, PPL. 
PPL. = Plane Polarized Light 
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• Bioturbated mud-ironstone 

It is similar to the yellow mud-ironstone in the central sector and consists of massive to faintly laminated 
yellow amorphous iron oxyhydroxides mixed with ultra-fine goethite blotches and relicts of greenish 
yellow glauconitic clays. 

• Nummulitic-bioclastic wacke-/pack-ironstone 

This mkrofacies forms hard persistent and ledge-forming beds that thickens at the expense of the 
underlying mud-ironstones. It exhibits planar cross-lamination, small-scale wave- ripples and scour- and 
fill-structures. The main ailochemical components include ferruginized and silicified biociasts and 
nummulites (Plate 4D). These are enveloped by thin cortical laminae forming superficial ooids. The 
ailochemical components' are filled and embedded in a faint yellow to dark brown goethitic clay matrix. 
The matrix and ailochemical components are partially to completely replaced by micro-crystalline quartz 
and caicedony. Secondary blocky calcite and barite crystals are also observed. 

• Supratidal (sabkha-related) stratiform barite 

This barite type terminates the shallowing-upward cycles and it shows a well-defined stratiform bedding 
nature. The megascopic observations of the oriented polished slabs of this type revealed the presence of 
the following features: a) rhythmic banding and lamination of varicoloured layers and laminae. These 
rhythmic bands are composed of silt to sand-sized barite-bearing mud laminae and micro- to coarsely 
crystalline barite laminae, b) laminoid fenestra! cavities developed in dark, organic-rich laminae, 
particularly in cryptalgal laminites and they are oftern arranged parallel to the laminations, c) desiccation 
cracks, commonly filled with leached and illuviated soily materials, d) the presence of cryptalgal laminites, 
e) the presence of tepee structures, and f) the presence of Diagenetic Crystallization Rhythmites (Plate 
4E), DCRs (Fontbote and Amstutz, 1980, El Aref, 1984 and El Aref and Ahmed, 1986). Microscopically, 
the rhythmkity of the diagenetic crystallization rhythmites (DCRs) is mainly related to the repetition of 
three geometric zones, which are corresponding to three generattions of crystaiilization, i.e. I, II and III. 
Generation (I) represents the "starting sheet" for the development of the coarser generations II and III 
and it usually contains traces of poorly developed stromatolitic laminae. Generation (II) follows 
generation I and consists of medium to coarse subhedral to euhedral zoned and twinned barite crystals 
that are arranged in a bipolar pattern, growing above and below the "the starting sheet" or generation I. 
Generation (III) is represented by the remaining central spaces left behind generation II and commonly 
filled with blocky calcite or residual iron and manganese oxyhydroxides. 

Depositional Environment 

The deposition of the lower ironstone sequence consumes the paleotopography of the underlying 
Cenomanian Bahariya Formation and the upper surface of this sequence is a sub aerially exposed 
peneplained surface. The deposition of the green mudstone facies on the on the paleosol surface is an 
abrupt change in facies and may suggest that the study area was drowned by a new marine transgression 
accompanied with rapid deepening. These mudstones are deposited from suspension in a relatively 
shallow subtidal basinal area with a low-energy, anaerobic to dysaerobic condition below wave base 
(Sageman et al. 1991). During the gradual upward shoaling, the prevailed physico-chemical conditions and 
depositional parameters are changed from suspended to bedload deposition. The bedload deposition is less 
efficient in dispersing sediments than suspended load, so that the nummulitic-bioclastic ironstones are 
restricted in megaripple structures rather than extensive sheets. The repeation of these shallowing- 
upward cycles indicates short periods of sea level fluctuation during transgressive-regressive events. The 
megascopic and microscopic observations argue for the diagenetic origin of the barite nodules and their 
growth within the mudstone facies during the diagenetic segregation and differentiation The Diagenetic 
Crystallization Rhythmites are recorded in shallow water facies horizons, mainly tidal flats facies (Fuchs, 
1984) or in karstic fillings. They appear to be deposited in local restricted evaporitic tidal ponds, 
distributed in patches along the high central sector. These textural and petrographical characteristics 
testify deposition in supratidal environment at the end of the shallowing upward cycles. 

Lateralization (Karstification) of the Upper Ironstone Sequence and the Associated Barite Deposits 
The superimposed subaerial lateritic weathering and pedogenic processes are responsible for the partial 
or complete destruction and brecciation of the original marine ironstone facies of the upper ironstone 
sequene. As a result of lateritization (karstification) processes, network of vertical and inclined solution 
channels and small to large-scale cavities are formed. Solution channels appear to be developed during 
surface water infiltration into joints communicating with lateral subsurface solution openings. The 
solution cavities range from small openings of few centimeters in diameter to large caves measuring 
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several meters in diameters. The internal walls of these cavities are lined by crustified- banded iron oxides, 
which are composed of rhythmic alternations of soft yellow and hard brown layers, up to 10 cm in 
thickness. The yellow layers are consisted of ochreous sediments and detrital silty quartz grains. The hard 
brown layers consist of fine radially goethite with or without hematite and pyrolusite crystals of colloform 
outlines and forming a megaseopie botryoidal texture and spherulites. The formation of these colloform 
and/or botryoidal goethite and hematite forms suggests deposition from colloidal or supersaturated 
solution under favorable acidic to neutral conditions (El Aref and Lotfy, 1989; El Aref, 1994 and El Aref 
et al. 1999). Collapse ironstone breccia fragments of variable sizes are formed throughout the gradual 
detachment along the fractures and the dissolution joints (Plate 4F). These collapse breccia fragments are 
composed of the original muddy and nummulitic ironstone facies, which commonly still preserving the 
original bedding nature of the upper ironstone sequence. Folded and contorted rhythmic layers of 
colloform goethite forming cockade structures surround these collapse breccias (Plate 4G). 
Geomorplologically, it forms small isolated irregular cone hills of 50-100 m in diameter and 4-12 m in 
height. The lateritic iron ore contains stratabound karst-related barite deposits. These deposits form 
large irregular masses and pockets of very coarse-grained, euhedral barite crystals cutting across the 
bedding planes of the mud- and nummulitic-bioclastic-ironstone facies and the associated stratiform 
barite. Secondary barite crystals cementing the collapse ironstone breccia fragments. The barite cement is 
associated with the secondary illuviated and infiltrated amorphous iron oxyhydroxides (Plate 4H), silica, 
and blocky calcite with or without halite, gypsum and anhydrite crystals. 

DISCUSSION AND GENETIC MODEL 
A genetic model for the ironstone formation was deduced from the stratigraphic relationships, structural 
elements and depositional facies and microfacies associations and their deposition al environment. The 
facies analyses of the Eocene ironstone sequences were correlated with the equivalent carbonate 
succession of the surrounding nearby plateau (Fig. 7). 

The different depositional stages of ironstone and carbonate formation can be summarized as follows: 

1. Since Late Cretaceous time, the Ghorabi paleohigh was tectonically standing as positive block or swell 
area and subjected to intensive denudation and pedogenesis (Said, 1990; El Aref ei al. 1999 and Helba 
et al. 2001). This swell was dissected by active NE-oriented normal fault system during Cretaceous time 
and reactivated as right lateral strike-slip faulting during the Eocene time (Sehim, 1993; IEP, 1993- 
1997 and Moustafa et al. 2003). This fault system dissects the Ghorabi paleohigh into three sectors, the 
southern and northern sector were topographically low-lying areas, while the central sector was a 
topographically high area (Fig. 8A). At the beginning of the Eocene time, the sea drowned the Ghorabi, 
£1 Gedida and El Harm paleohighs and as a consequence a ramp setting for the carbonate deposition 
was developed but with isolated submarine swells of double plunging anticlines. These swells are 
formed of Cenomaniau elastics of the Bahariya Formation and enclosing glauconitic ironstone lenses 
and bands (Helba et al. 2001 and El Aref et al. 2001). 

2. During the early depositional stages, semi-restricted lagoon was developed in the low-lying southern 
sector and open shallow subtidal environment was developed in the low-lying northern sector. The 
central sector and other surrounding paleogighs of the Cenomanian Bahariya Formation were most 
probably still emerged, forming shallow tidal flats (Fig. 8B). Upon these emerged tidal flats, iron-rich 
colloidal materials were leached from the Cenomanian elastics and debauched into the low-lying areas 
(ironstone type 2 of El Aref et al. 1999). These iron and organic - rich colloidal materials were 
redeposited from suspension in calm water energy, forming the mud-ironstone facies that may contain 
few scattered ferruginized nummulitc tests in the northern sector. In the mean time, further 
northwards, a thick bioturbated bioclastic nummulitic limestone unit was deposited in more open 
shallow subtidal environment under clam condition but interrupted by intermittent storm events. 

3. With advance and rise of the Eocene sea level, the entire area is completely drowned by water and the 
ramp setting became ecologically a favourable habitat for the prolific growth of the large benthic 
foraminifera. These forams, in addition to pelecypods, gastropods, echinoderms and skeletal algae, 
thrive on shallow oligotrophy carbonate platform. In the subtidal low-lying areas, different ironstone 
facies were accumulated in the different sectors depending on the water hydrodynamics and the 
paleotopography. On contrary, the submarine paleohigh of the central sector is dominated by shallow 
subtidal-intertidal nummuiitic-ooidal-oncoidal ironstones, arranged in five shallo wing-upward cycles 
of variable thicknesses. The variation in thickness is attributed to the effect of pre- and syn-tec tonic 
minor block faulting deduced from the thickness map. With a gradual-upward shoaling, the large 
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Fig. 7. Facies analyses and depositional environments of the Eocene carbonate succession in the 
northern scarp (section 5) and the eastern scarp (section 6) surrounding Gabal Ghorabi mine area 
(Fig.2). 



52 



EL AREF, M. M. et al 



Northern Sector ■ 



Northern Carbonate Scarp 

idkaollniticmudstones 
containing glauconitlc ironstone lenses 




2^ 



Central Sector 



Southern Sector 

. . , . . • Highly lateritlzed Canomanlan paleohigh 

■ Fe-nch colloidal suspension is leached js B st f 1( ed 

■ Deposition from suspension in 

calm water energy 

■ Abundant burrowing organisms /jjgfc. ^e. rlch co |, | da , susp6ns | on 



In small semi-restricted Intertidal bonds 
• to situ reworking forms ferriferous oncpids and ooids 



Northern Sector Northern Carbonate Scarp 

■ Deposition of mud-ironstone fades In low-lying open lagoon 
Abundant burrowing organisms and large benthic foramlnifera 

■ A northward increase in the water depth and hence 
the thickness of the mud-ironstone unit 

■ Deposition of the shallow subtidal bioclstlc-nummulitic 




Shallow su btidal open lagoo 



Southern Sector 



Central Sector 



Northern Sector Northern Carbonate Scarp 



1- Continuous transgression and rising of sea level 

2- Accumulation of skeletal particles, prolific development 
of cyanobacteria and bacteria, ooids and oncoids formation 

Deposition of fosslliferous ironstone 
(storm beds) by strong storm event 
The nummulitic-ooidal-oncoidal 
ironstone extends southward via 
tidal channel Intertidal 



3- Shoaling-upward, tidal and storm actions, In situ reworking 

4- Megarlpple generation; low angle cross bedding and gi added bedding 
Deposition of nummulltic-oolitlc-oncolitic Ironstone in a shallow subtidal-lntertldal environment 
in the central sector grading laterally (northwards into bioturbated nummulltlc. 
into the carbonate scarp, the intertidal stromatolitic limestone and fossiliferous 
limestone (storm bed) are accumulated. 



Shallow subtidal 



Intertidal 



— II <~- 




s 5 * 




Fig.8. A) the speculated paleotopographic relief of the Cenomanian Bahariya Formation showing the 
main lithological variations in the different sector of the Gabal Ghorabi mine area; B) Sketch for the 
depositional pattern of the mud-ironstone unit in the different sectors of Gabal Ghorabi mine area as 
well as the equivalent bioclastic-nummulitic limestone unit in the northern carbonate scarp; C) Sketch 
for the depositional pattern of the fossiliferous-ironstone unit (southern sector), nummulitic-oolitic- 
oncolitic ironstone unit (central sector) and nummulitic ironstone unit (nothern sector) and the 
equivalent stromatolitic limestone unit of the northern carbonate scarp . 
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bentbic foraminifera colonize the sea bottom and increase in abundance and diversity. The wave and/or 
current strength, interrupted by intermittent storm currents, increase in these conditions and may in situ 
rework the nummulite tests, bioclastic debris and the underlying muddy ironstone substrate. The increase 
in storm intensity results iu a southward extension of the nummulitic-ooidal-oncoidal ironstone facies 
through a tidal channel. During the inter-storm calm periods, the sedimentation rate was minimum as 
confirmed by the presence of mierobored biociasts and burrowing organisms and thin to thick amorphous 
iron oxyhydroxide coatings envelop the various skeletal particles and invaded by microbes. In the mean 
time, in the northern carbonate scarp, intertidal stromatolitic limestone facies is developed on the open 
shallow subtidal bioturbated bioclastic uummulitic limestones. The intertidal stromatolitic limestone 
facies is covered by storm bed of f ossiferous float- to rudstones. At Naqb Ghorabi area, the stromatolitic 
limestone of the northern scarp is gradually changed into intertidal stromatolitic glauconitic mud- 
ironstones. This indicates that the Naqb Ghorabi area was a paleohigh since the deposition of the 
bioturbated bioclastic-nummulitic limestone facies. In the low-lying area of the southern sector, fossil lags 
were transported by storm current from the nearby open shallow subtidal areas and accumulated in a 
lagoonal environment, forming fossiliferous ironstone facies. On the other hand, in the open shallow 
subtidal low-lying area of the northern sector, nummulitic ironstone facies are dominated (Fig. 8 C). This 
facies is formed under oscillating storm wave base with intensive burrowing. On contrary, the submarine 
paleohigh of the central sector is dominated by shallow subtidal-intertidal nummulitic-ooidal-oncoidal 
ironstones, arranged in five shallowing-upward cycles of variable thicknesses. The variation in thickness is 
attributed to the effect of pre- and syn-tectonic minor block faulting deduced from the thickness map. 
With a gradual-upward shoaling, the large benthic foraminifera colonize the sea bottom and increase in 
abundance and diversity. The wave and/or current strength, interrupted by intermittent storm currents, 
increase in these conditions and may in situ rework the nummulite tests, bioclastic debris and the 
underlying muddy ironstone substrate. The increase in storm intensity results in a southward extension of 
the nummulitic-ooidal-oncoidal ironstone facies through a tidal channel. This channel has a SW trend to 
the western part of the southern sector and it is characterized by basal underlying fossiliferous ironstones. 
During the inter-storm calm periods, the sedimentation rate was minimum as confirmed by the presence 
of microbored biociasts and burrowing organisms and thin to thick amorphous iron oxyhydroxide 
coatings envelop the various skeletal particles and invaded by microbes, forming superficial and normal 
ooids and oncoids. 

In the mean time, in the northern carbonate scarp, intertidal stromatolitic limestone facies was developed 
on the open shallow subtidal bioturbated bioclastic nummulitic limestones. The intertidal stromatolitic 
limestone facies is covered by storm bed of fossiliferous float- to rudstones. At Naqb Ghorabi area, the 
stromatolitic limestone of the northern scarp is gradually changed into intertidal stromatolitic glauconitic 
mud-ironstones, which unconformably overlie the Cenomanian elastics of the Bahariya Formation. This 
indicates that the Naqb Ghorabi area was a paleohigh since the deposition of the bioturbated bioclastic- 
nummulitic limestone facies. 

4. The ultimate result of the shoaling-upward condition is the general leveling and consuming the 
paleotopography with a significant fall in the Eocene sea level (sea regression). As a consequence of 
the sea level fall (Fig. 9A), the entire area of Gabal Ghorabi and the surrounding carbonate scarp 
were completely emerged and subjected to subaerial and lateritic pedogenesis inducing karstiflcation 
(El Aref and Lotfy, 1 989; El Aref et at. 1 999 and 1 lelba et at. 200 1). 

5. A sudden rising in the sea level led to the redrowning of the subaerially exposed ironstones and the 
surrounding equivalent carbonates. As a consequence of this new marine transgression, a shallow 
subtidal green mudstone facies was deposited from suspension in a calm water condition, forming a 
blanket of uniform thickness (Fig. 9B). This facies extends allover the study area and represents 
deposition under the maximum flooding surface. Early diagenetic barite nodules are observed within 
this facies.Tbe upward shoaling led to the gradual vertical change from the mudstone to shallow 
subtidal yellowish brown bioturbated mud-ironstones and intertidal bioclastic-nummulitic ironstones 
(Fig. 9C). This shoaling pattern is repeated in three shallowing-upward cycles that are terminated by 
thin bed of stratiform barite. These barite layers are deposited in supratidal sabkha environment 
dominated in an isolated saline bonds of the central sector. 

6. Similar to the lower ironstone sequence, the shoaling-upward tendency of the upper ironstone 
sequence led to a major sea level fall. This sea regression led to intensive subaerial weathering and 
lateritic pedogenesis and red epos ition and enrichment of the iron ore. 
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Fig. 9. A) Sketch showing the formation of the thin brick red hematitic paleosol horizon capping the 
lower ironstone sequence and extends allover the Gabal Ghorabi mine area and the surrounding 
carbonate rocks; B) Sketch showing the formation of the shallow subtidal green mudstone unit with 
uniform thickness allover the Gabal Ghorabi mine area and the surrounding carbonate rocks; C) 
Sketch showing the upward shoaling and deposition of peritidal ironstones and the stratiform barite 
facies associations. 
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2'aU; « i jwaaJ 4juU1I AjJ^iaJt jlyfCU 4jtf£utjjl\ j fjj*M&\ Jjlaullj yiljajS) jlutfl ^Ja jll 

>A» i<t#j*Jl fljau-ail t^ja^}) CjUIjJI (j aiiil a i^-il j& 

' 2_CLj ^ Ait jjj^w Ajjj t JJ& JiJ*^ -Jj£ .Ux* * J&Iwm jua tJukUl Jofc j^jJc v uijUlt *Ua jl ja {J h& j-> 
«Vj**h Cilal jli t^lUll £tiafl t<ijuul\ coLalt j OjAaJl 4S 
0<aai»ll 

j^^M^S j__ ua«J 4*iUli A j i j .la.ll jI^aVS jji-Mil t _ r b— Ji Jjlajl) j ^Ija^ljlwiVl £*«ajll Jt^JJ ^ j-ill <-i^j 
Laji <L*ljill jU$J j .j*A* <3#jftll ft ja—aJI *4^jajil LjlaJjUj yj| jft Jja AifajUj IgJ AjiliaJ! ^ jjaJl jaaJl jji-^a tilhSj 
.^...ahuUj i jVfcft CtL_*Li. (jjj&l Aijjia j J^aij AjAjiaJl jj>a*al» si* OiJ& f Lui J&\ Aujj-j jjli uijjfcll ^u^a>u 

lei ',' ■■■^Jj* 1 »i* ilijyi j3 t fc iji j3*Ij3 ^ihm Uiaj; ^1 jC Jjia, a iat jl*ll .li-lail t^uljj £l <U«I jjJl £1 j^ial 

J — L-aLiJl JLuJSA ^jSIjjH f-ift Jtkui ^1 (> Uia-jj (4-ljaull <jjSU) j^iU^iuJl jumJ AjuUII 4j2Liill jja-uai) 

.<jjji£ll 4_i£ili cx£* Cta 

'LjOiAaJi ^Ijjli Ji*J US <U1 4jki*ll t5 jjaJl ja^ll jji-ual ^la. ^^iaww jjijj d>»i-* (jWJ? JjljJ AjiaJl t-i-djj Jlu 
lj! jjL l^i^iu f Lul & jjU j ^UjluJl a»J <UjUli AjjUaI) jjinill 45 uLuaial* j OleliijJ »Ljau uUuh jj 

.^jjjjjJi J Ajluiji 4jj*j j *4Jj*«jj ^Uaill 

3__iijii ^Ua—w j 4,— jjjk 4__jlji*. CjUsmj Sic (>* (j^Sjj Ifji Aj\)la,ll t-uuijjll J&\ ^ia^ll J ^. i a^Jl JJa-^' 
4-u£ jU) ^ ^1 Ci^i j 4j*uiji iijju J*l jJu jjb ^iP jdaui 1 ^ajUu ^fl CjjjSj -Uaus. 

.CiUa-yJi ^jiuaVl 

j&jJjUt tj-J) J-^.Ji dJjj ^^Ui £Ua5 j Jiwji ^Uai j yjjia. £Ua3 itilcUaS dCij ^1 J#a. 4lkU ^mmAj ^ 

ljaj lu jSS ^j'ljh Ajiij^ iftuij.jj ijk^j j CjI jaw nil ijUw j ^ gbialj ^Jl^> ^jijiaJl t_iuil jjll ^Umill jo-ty 
AjjJ^jUjjLmwI 4 11 j'ntii AjAj la CAjaum j ^JUwii j ^j^laJI ^jpUaill ^4 <Ua.ua dUft,u«»« <UiU ^J.U'" '-ijjia 
0— • Ajaj— wi jS S J— aj ^j-JaJl ^UaA^I ^ <^kll Aj.lj.laJl >:jI^.J) ^ .jsuu jV! ^UaiJl ^ 5 ji hi. till AJl Ghhim ^ 
3 ti t^iUa— mil jiui ixw Ji\ ^Uaill ^ Ui .CjI^S^w ilaJl j uljja jll (>* ^Lijia. LjLjiaj «Uie Ajiua Ajijia, iliUa-yi 

ja— jjSjjVI J CA^S j—<iiJlj Ajpc-j 4l^.,i^a 4jjji.ii jS Ctt jji ^jjj** Aj-Uia. CiUa *<i ^ j* »^*>J A : *iJ jjL« j I 

tLL_j>a. JS jH t^iU*M& ^Uaill ^4 .AoJaJall JSl^l J » JO^ V^^i >JJ^* 6* hiil*. CLjz. ^» AJaiiaUj 

4jjj«M jj Lijjla iIaj AlkJa »L^4 Ql la ■ nil ai& CauaJ <i> j .0 j^S «Iila,^«S <UjA ^k; ^Jalj Jlui llalj^flli j C±^jx*jjjl\ 

.ULiaki «UjU jl j35 

w i-ja ^_^1 jS> Jflk CiUs-Uai ^ ta, JxiTJ il«j AjjUi Ajl Ja ^ '■- ■ • jj (H^uij^l ja^J iajaX* ^ifiiu y; jitll ^Uull lijjj 

q,U...mi j>l li't'il Ji— j bwi tiLuJil jjlul* Jtual j (Jlki Vrt 11 »4* (jjil j .<ill*!l A\jj#}Jl jl^aSl) jja^a ^1 J-aj 

u-Jj&j ^k^jl^ll 0— • » j^u<a uU ji yic. 4ia^Jt ei* tS J 2 * 2 J ^AjiaJi t^lj^ll ^JLall ^Uoli v^jj f ^1 4iu 4tl-iull 
j 4 jijhll A— jijiall till la 1 Jt ^ ^ ^* A^ww jj ul jjJ ^4 jj£1« £jU3 <Uak*J) jlLj .( t ijuij5ll >lu La Ci Ui t fr Jxij 
.UUal <Uwalfr jjJl «UlU jj uijjia i> JUijyi ^ Jjj Lm ^jj^j^IIj j jjiaSll ^Uilb <luUl AjjjjaJl 

j A-jjaj uijj-JH (jijiull ^ Ji) Lm -LjIuijU j <Ljjjjj^{ jAljla Jja.jj £j*jUil| ^> Jil jkJl jtkuJl j>lj 

AjAjia Ajjj (jjj^j 



